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Appln. No. 10/806,749 

Amdt. dated November 17, 2005 

Reply to Office Action of August 30, 2005 

REMARKS /ARGUMENTS 

Claims 35 - 41, 43 - 46, 49, 50 and 57 - 61 are in 
the application for consideration. Reconsideration of 
the application is requested in view of the statements 
appearing below herein. 

1. Applicants wish to bring to the attention of the 
United States Patent and Trademark Office two new 
references of which they have recently become aware. The 
references are: 

1. Japanese Kokai Publication No. S59-1294 entitled 
"Multicolor Thermosensitive Recording Material". 

2. Japanese Kokai Publication No- S59-194886 
entitled Two-Color Thermosensitive Recording Material". 

Applicants have obtained English-language 
translations of these references. A copy of each of 
these references and a copy of each translation is 
enclosed for the convenience of the examiner. It is 
requested that these references be made of record in the 
application and considered by the examiner in the 
prosecution of the application. 

2. New claims 57 - 61 have been added in the 
application. The subject matter of these claims is fully 
supported by the application as originally filed and 
does not include any objectionable new matter. 
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Amdt. dated November 17, 2005 

Reply to Office Action of August 30, 2005 

Claims 57 is dependent upon amended claim 35 and is 
directed to the embodiment of applicants' invention 
wherein at least one of the image-forming layers 
includes a compound which forms color intramolecularly . 
This embodiment is described, for example, at page 19, 
lines 16 - 26, page 29, lines 15 - 20, and recited in 
original claim 16. 

Claims 58 - 61 are directed to the embodiment of 
applicants' invention wherein the imaging member has an 
interlayer which includes a material which undergoes a 
phase change upon the application of heat. In essence, 
new claim 58 is directed to the embodiment recited in 
original claim 37 which has been indicated as reciting 
allowable subject matter. Claims 59 - 61 which are 
dependent from claim 58 are clearly supported for the 
same reasons discussed above. 

4. In the Office Action the examiner has taken the 
following actions : 

A. Claims 35 and 36 have been rejected under 35 
U.S.C. § 102(b) as being anticipated by U.S. Patent 
5, 686, 159 ("Langan") . 

B. Claims 38 - 41, 46, 49 and 50 have been rejected 
under 35 U.S.C. 103(a) as being unpatentable over Langan 

C. Claims 42 - 45 have been allowed. 

D. Claims 37, 47 and 48 have been objected to as 
being dependent upon a rejected base claim but indicated 
as containing allowable subject matter. 
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Appln. No. 10/806,749 

Amdt. dated November 17, 2005 

Reply to Office Action of August 30, 2005 

5. The claims presently in the application are 
patentable over the references of record. Claim 35 has 
been amended by incorporating therein the subject matter 
of claim 42 (now canceled) which was indicated as being 
allowable. Claim 35 now recites a thermal imaging member 
which includes three image-forming layers and two 
interlayers . 

Amended claim 35 is patentably distinguishable over 
Langan and over the newly^cited Japanese Kokai 
references. Langan discloses a piggyback label article 
which includes two labels, each having a substrate and 
an image-forming layer. There is no suggestion in Langan 
whatsoever relating to a thermal imaging member having 
three image-forming layers and two interlayers. 

Amended claim 35 is also patentable over Japanese 
Patent Kokai S59-1294 ("Kokai 1294") and Japanese Patent 
Kokai S59-194886 ("Kokai 194886"). Kokai 1294 describes 
a multicolor thermosensitive recording material which 
includes an intermediate layer of water-soluble resin 
interposed between a first thermosensitive coloring 
layer and a second thermosensitive coloring layer. Each 
coloring layer includes a leuco dye and a developer. The 
reference states that x> ...a material with a high melting 
point can be used in the upper layer, and a material 
with a low melting point can be used in the lower 
layer. . . " . 
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Appln. No. 10/806,749 

Amdt. dated November 17, 2005 

Reply to Office Action of August 30, 2005 

Kokai 194886 describes a two-color thermosensitive 
recording method which utilizes a recording member 
having a high temperature recording layer positioned on 
a support above a low temperature recording layer. The 
high temperature recording layer is colored by heating 
it to a temperature and for a period of time that is 
insufficient for the low temperature recording layer to 
reach a temperature at which it would be substantially 
colored. The low temperature recording layer is heated 
to a temperature and for a time sufficient to color the 
layer although the high temperature recording layer is 
not substantially colored. 

Kokai 1294 and Kokai 194886 nowhere teach or even 
remotely suggest a thermal imaging member having three 
image-forming layers and two interlayers such as that 
recited in amended claim 35 and the claims dependent 
thereon . 

Reconsideration of the rejections based on Langan 
and withdrawal thereof are respectfully requested. 
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Appln. No. 10/806,749 

Amdt. dated November 17, 2005 

Reply to Office Action of August 30, 2005 

6. New claims 58 -61 are also patentably 
distinguishable over Langan and over the newly-cited 
Japanese Kokai references- Claim 58 recites a thermal 
imaging member having first and second image-forming 
layers with an interlayer positioned between them. The 
interlayer includes a material which undergo a phase 
change upon the application of heat. Langan and the 
Japanese Kokai references do not teach or even remotely 
suggest a phase change interlayer in such a thermal 
imaging member. 

In summary, the claims presently in the application 
have been shown to be wholly novel and patentable over 
the references of record. Reconsideration of the 
application and allowance of the claims are respectfully 
requested. 



Polaroid Corporation 
Patent Department 
1265 Main Street 
Waltham, MA 02451 
Tel. : 781-386-6405 
Fax: 781-386-6435 



Respectfully submitted, 




Gaetano D. Maccarone 
Registration No. 25,173 



Enclosures 
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(19) Japan Patent Office (JP) (11) Kokai Publication No. 

(12) Unexamined Patent Application Publication (Kokai) (A) S59-1294 

(51 ) lnt CI. 3 Identification Code JPO File No. (43) Kokai Publication Date: January 6, 1 984 

B41M 5/18 101 6906-2H 

Number of inventions: ) 

Request for examination: Not requested 



(5 pages in all) 



(54) Title of invention: Multicolor thermosensitive recording material 

(2 1 ) Patent application: S57-111 070 

(22) Application filing date: June 28, 1 982 
(72) Inventor: Shigeru Miyashima 

Ricoh Corporation, 1-3-6 Nakamagome, Ota-ku, Tokyo 
(72) Inventor: Yuko Ni shiyama 

Ricoh Corporation, 1-3-6 Nakamagome, Ota-ku, Tokyo 
(71) Applicant: Ricoh Corporation 

1-3-6 Nakamagome, Ota-ku, Tokyo 
(74) Patent agent: Toshiaki Bceura, Patent Attorney 

Specifications 

1. Title of invention 

Multicolor thermosensitive recording material 

2. Claims 

(1) A multicolor thermosensitive recording material wherein an intermediate layer of 
water-soluble resin is interposed between a first thermosensitive coloring layer and a second 
thermosensitive coloring layer having Ieuco dye and developer as their main components. 

3. Detailed description of the invention 

The present invention concerns multicolor thermosensitive recording materials, particularly 
multicolor thermosensitive recording materials in which multiple thermosensitive coloring layers, 
which are colored in different colors according to heating temperature, are laminated, 

Thermosensitive recording materials are materials wherein thermosensitive coloring layers 
capable of forming colored images through heating are arranged on a support medium such as paper. 
Thermal printers and the like that are provided with thermal heads for such heating are in wide use. 
Among conventional thermosensitive recording materials of this sort, those that contain colorless or 
lightly colored leuco dye having a lactone ring, lactam ring, spiropyran ring, or the like, as well as 
developer (auxiliary coloring agent), in thermosensitive coloring layers are often used, because the 
colors are sharp, with little fogging. 

Use of thermosensitive recording materials is not limited to copying of drawing, documents, 
and the like, wherein colored images are easily obtained; they are also utilized in such fields as the 
recording of output of various information and measurement devices, including electronic 
computers, facsimile machines, and telex machines. Depending on the purpose of recording, 
however, it may of course be preferable if there is a capability of recording some part in a color 
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other than that of the color of another part (display colors), especially in order to show data and 
numerical values more clearly. 

A great deal of research and development is constantly underway in line with this aim, and 
hence several multicolor thermosensitive recording materials have been proposed. 

When multicolor thermosensitive recording materials reported so far are examined, however, 
there is a problem with color separation that, for example, causes color mixture and staining in the 
coloring obtained in a multicolor thermosensitive coloring layer formed of a single layer coat. There 
are also problems with conventional multicolor thermosensitive coloring layers formed of laminated 
coats of two or more layers, of which the upper layer contains a substance that melts to develop 
color at a low temperature, and the lower layer contains a substance that melts to develop color at a 
high temperature, since for that reason there is a constraint as to melting point of the 
thermosensitive recording materials, and hence these materials are limited; and since water-soluble 
resin is used in the upper and lower layers in multiple-layer coating, so that part of the lower layer is 
dissolved when the upper layer is applied, and thus mixed with the upper layer, background fogging 
occurs. Arranging an intermediate layer, containing a polymer that is soluble in a non-polar solvent, 
between the upper and lower layers has also been proposed. However, it is difficult, in practice, to 
form a uniform thermosensitive coloring layer, since moistening of the intermediate layer by the 
coating liquid [lit., "moistening of the coating liquid and intermediate layer"] is poor when the 
upper layer of a water dispersion system is formed over the intermediate layer, and as a result, only 
unclear multicolor images are obtained. 

The object of the present invention is to solve the above-mentioned prior art problems, and 
thereby provide a multicolor thermosensitive recording material that will make it possible to obtain 
high-quality multicolor images. 

That is, the present invention provides a multicolor thermosensitive recording material 
wherein, in a multicolor thermosensitive recording material in which multiple thermosensitive 
coloring layers, each having leuco dye and developer for it as its main components, are laminated 
onto a support medium, an intermediate layer of water-soluble resin is interposed between the first 
thermosensitive coloring layer and the second thermosensitive coloring layer. 

In the present invention, the upper layer (the second thermosensitive coloring layer) is 
unaffected by the lower layer (the first thermosensitive coloring layer), since a special intermediate 
layer is provided. There is little background fogging, and coating is satisfactory when the upper 
layer is arranged over the intermediate layer. In addition, coloring material that has an optional 
melting point can be used in the upper layer [probable typo in the Japanese: lit. "in the upper layer 
and coloring material that has an optional melting point can be used in the upper layer**], by 
adjusting the coating weight (layer thickness) of the intermediate layer. For example, when 
high-speed printing is preferred, and avoidance of initial background fogging and background 
fogging during storage are strongly preferred, a material with a high melting point can be used in 
the upper layer, and a material with a low melting point can be used in the lower layer. In such a 
case, an intermediate layer coating weight of 0.5-7 g/m 2 is ordinarily appropriate, with 1-5 g/m 2 
preferred. 

In the present invention, a water-soluble resin is arranged between the upper and low 
thermosensitive recording layers. Polyvinyl alcohol, methoxy cellulose, hydroxy cellulose, carboxy 
methylcellulose, carboxy ethyl cellulose, polyvinyl pyrrolidone, polyacrylamide, poryacrylic acid, 
starch, gelatin, or the like can be used as the water-soluble resin. Types of latex, for example 
styrene-butadiene copolymer, vinyl chloride-vinyl acetate copolymer, polyvinyl acetate, 
polyacrylate ester, and polymethacrylate esters such as polybutyl methacrylate may also be used in 
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combination with these water-soluble resins. 

Commonly used triphenylmethane dyes, fluorane dyes, phenothiazine dyes, auramine dyes, 
and spiropyran dyes are preferred for as leuco dyes used in the present invention. Specific examples 
of these leuco dyes are as follows. 

3,3-bis (p-dimethy]aminophenyl)-phthalide 

3,3-bis (pKlimethylajninophenyl)-6^imethylarnino phthalide (also known as crystal violet 
lactone) 

3,3-bis (p-dimethylaminophenyl)-6-diethylamino phthalide 
3,3-bis (p-6^methylaminophenyl)-6-chlorophthalide 
3,3-bis (p-dimethylaminophenyl) phthalide 
3-cyclohexyIamino-6-chloro fluorane 

3-(N,N-diethylamino)-5 -methyl-7-<N,N-dibenzylamino) fluorane 
3-dimethylamino-5,7 -dimethyl fluorane 
3-diethylamino-7-methyl fluorane 
3-diethylamino-7,8-benzofluorane 
3-diethylarnino-6-methyl-7-chlorofluorane 
3-pyrrolidine-6-methyl-7-anilinofluorane 

2-(N-(3Mrifluoromethylphenyl) amino)-6-diethylamino fluorane 

2- (3,6-bis (diethylamino)-9-(o-chloroanilino) xanthyl) lactam benzoate 

3- diethylamino-7-(o-chloroanilino) fluorane 
3-dibutylamino-7-(o-chloroanilino) fluorane 
3-N-methyl-N-amylanaino-6-methyl-7-aniJinofluorane 
3-N-methyl-N-cyclohexylaimno-6-methyl-7-anilinofluorane 

3^2'-hydroxy-4 , -dimethylaminophenyI)-3-(2 , -methoxy-5 '-chlorophenyl) phthalide 
3-(2'-hya^oxy-4'-dimetliylam 

3-(2 5 -hydroXy-4'-chemylaminoph^ phthalide 
3<2'-methoxy-4'-dimetliylaim™ph^ 
phthalide 

Use of leuco dyes as the principal coloring agents is preferred for coloring blue, red, green, 
and so on in the thermosensitive coloring layer below the surface (upper thermosensitive coloring 
layer). Any leuco dye can be used as the principal coloring agent in the thermosensitive coloring 
layer above the support medium (lower thermosensitive coloring layer), provided that, when 
combined with the leuco dye in the upper thermosensitive coloring layer, it is capable of coloring in 
a color tone that is black or nearly black, or else is capable of coloring in a color tone that is 
different from that of the upper thermosensitive coloring layer. 

Various electron acceptors that develop color by reacting with the aforementioned leuco dyes 
when heated can be used as developers in the present invention. Specific examples are phenolic 
substances, and of non-organic or organic acids, or salts thereof, are listed below. 
Phenolic substances: 

3,5 -xylenol, thymol, p-tert-butylphenol, 4-hydroxyphenoxide, methyl^ -hydroxybenzoate, 
4-hydroxyacetophenone, alpha-naphthol, beta-naphthol, catechol, resorcinol, hydroquinone, 
4-tert-octylcatechol, 4,4-sec-butylidenephenol, 2,2'-dihydroxydiphenyl, 2,2' -methyl enebis 
(4-methyJ-6-tert-butylphenol), 2,2-bis (4-hydroxyphenol) propane, 4,4-isopropylidene-bis 
(2-tert-butylphenol), 4,4-sec-butylidenediphenol, pyrogallol, phloroglucinol, phloroglucinol 
carboxylic acid, 4-tert-octyIphenoI, 4-phenylphenol, 2,2-bis (p-hydroxyphenyl) butane, 
4,4'-cyclohexylidene diphenyl, 2,2-bis (2,5-dibromo-4-hydroxyphenol) propane, 
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4,4'-isopropylidenebis (2-tert-butylphenol), 2,2'-methyIenebis (4-chlorophenol), and the like. 
Acids or salts thereof: 

Benzoic acid, gallic acid, salicylic acid, zinc salicylate, I-hydroxy-2-naphthoic acid, 
o-hydroxy benzoic acid, m-hydroxy benzoic acid, benzyl p-hydroxy benzoate, 2-bydroxy-p-toluic 
acid, tartaric acid, oxalic acid, maleic acid, citric acid, succinic acid, stearic acid, 4-oxydiphthaIic 
acid, boric acid, and the like. 

In addition to these leuco dyes and developers, a binding agent is also used in the formation 
of thermoplastic coloring layers. Well-known binding agents may be used. Specific examples are: 
polyvinyl alcohol, rnethoxy cellulose, hydroxy cellulose, carboxymethyl cellulose, carboxyethyl 
cellulose, polyvinyl pyrrolidone, polyacrylamide, starch, gelatin, and the like. 

Types of latex, for example styrene-butadiene copolymer, vinyl chloride-vinyl acetate 
copolymer, polyvinyl acetate, polyacrylate ester, and polymethacrylate esters such as polybutyl 
methacrylate may also be used in combination with these water-soluble resins. 

Improvement of color definition by also adding silica, magnesia, talc, calcium carbonate, 
barium sulfate, urea-formalin resin, styrene resin, or the like to thermosensitive coloring layers as a 
fine powder is preferred Coating and thermal responsiveness can also be improved by adding, 
antifoaming agent, wetting agent (surfactant), wax, softening point adjusting agent, or the like to the 
thermosensitive coloring layer forming liquid when applying and forming a thermal coloring layer 
over the support medium or over a lower thermal coloring layer. 

In order to manufacture multicolor thermosensitive recording material of the present 
invention, leuco dye and developer are separately crushed into fine particles and dispersed by 
means of a disperser such as a hall mill, attritor, or sand mill, together with binding agent and other 
additives. They are then mixed to prepare a thermosensitive coloring layer forming liquid, and the 
mixture may be used to form multiple thermosensitive coloring layers over the support medium. 
The multicolor thermosensitive recording material obtained thereby sufficiently achieves the object 
of the present invention. 

In the following, the present invention will be described in more detail, using working 
examples and comparative examples. 

The compositions of Liquids A-F, which are used in the working examples and comparative 
examples, are as follows. 
Liquid A 

Liquid A is prepared by pulverizing a mixture comprising 150 g of 
2-(N-{3 , -trifluoromethylphenyl) ammo)-6^iethylamino fluorane (black coloring dye), 150 g of a 
5% aqueous solution of hydroxyethyl cellulose, and 450 g of water in a magnetic ball mill for 24 
hours. 

Liquid B 

Liquid B is prepared by pulverizing a mixture comprising 150 g of 3-diethylamino benzo (a) 
fluorane (red coloring dye), 150 g of a 5% aqueous solution of hydroxyethyl cellulose, and 450 g of 
water in a magnetic ball mill for 24 hours. 

Liquid C 

Liquid C prepared by pulverizing a mixture comprising 120 g of benzyl parabenzoic acid 
ester, 120 g of a 5% aqueous solution of hydroxyethyl cellulose, and 360 g of water in an attritor for 
3 hours. 
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Liquid D 

Liquid D prepared by pulverizing a mixture comprising 120 g of bisphenol A, 120 g of a 5% 
aqueous solution of hydroxyethyl cellulose, and 360 g of water in an attritor for 3 hours. 

Liquid E 

Liquid E prepared by- pulverizing a mixture comprising 80 g of 
CH3(CH 2 )i7-NH-GO-[benzene ring], 80 g of a 5% aqueous solution of methyl cellulose, and 240 g 
of water in an attritor for 3 hours. 

Liquid F 

Liquid F prepared by pulverizing a mixture comprising 80 g of stearylamide 
monoterephthalate, 80 g of a 5% aqueous solution of methyl cellulose, and 240 g of water in an 
attritor for 3 hours. 

Working Example 1 

To make the thermosensitive coloring layer forming liquid for the first layer, 20 g of the 
above-mentioned Liquid A, 80 g of Liquid D, 20 g of a 20% aqueous solution of oxidized starch, 
and 30 g of water were stirred to combine them. This was applied over high-quality paper (standard 
basic weight, 53 g/m 2 ), using a wire bar, and dried to form a first thermosensitive coloring layer of 
approximately 5.5 g/m 2 . 

A 5% aqueous solution of methylcellulose was applied over this first thermosensitive coloring 
layer, using a wire brush, and dried to form an intermediate layer of approximately 1.5 g/m 2 . 

After the intermediate layer had been formed, 20 g of the above-mentioned Liquid B, 80 g of 
Liquid C, 20 g of an aqueous solution of oxidized starch, and 30 g of water were stirred to combine 
them, to make the thermosensitive coloring layer forming liquid for the uppermost layer. This was 
applied over the intermediate layer, using a wire bar, and dried to form an uppermost coloring layer 
of approximately 2.0 g/m 2 , thus producing a two-color thermosensitive recording material. This was 
then surface treated, using a calendar, so that a Beck smoothness of 600-800 seconds was achieved. 

Working Example 2 

After the first coloring layer was formed as in Working Example 1, an intermediate layer that 
was 2.5 g/m 2 after it dried was formed over this first coloring layer by applying the same 
intermediate layer forming liquid as in Working Example 1 with a wire bar. 

After the intermediate layer had been formed, 20 g of the above-mentioned Liquid B, 80 g of 
Liquid D, 40 g of Liquid E, 30 g of a 20% aqueous solution of oxidized starch, and 30 g of water 
were stirred to combine them, to make the thermosensitive coloring layer forming liquid for the 
uppermost layer. This was applied over the intermediate layer, using a wire bar, to form an 
uppermost coloring layer that was 1.7 g/m 2 after it dried, thus producing a two-color 
thermosensitive recording material. This was then surface treated, using a calendar, so that a Beck 
smoothness of 600-800 seconds was achieved. 

Working Example 3 

To make the thermosensitive coloring layer forming liquid for the first layer, 20 g of the 
above-mentioned Liquid A, 80 g of Liquid C, 20 g of a 20% aqueous solution of oxidized starch, 
and 30 g of water were stirred to combine them. A first coloring layer that was 4.5 g/m 2 after drying 
was formed by the same procedure as in Working Example 1. An intermediate layer that was 4.2 
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g/m 2 after drying was formed by applying the same intermediate layer forming liquid as in Working 
Example 1 , according to the same procedure. 

After the intermediate layer had been formed, 20 g of the above-mentioned Liquid B, 80 g of 
Liquid D, 40 g of Liquid F, 30 g of a 20% aqueous solution of oxidized starch, and 30 g of water 
were stirred to combine them, and spread over the intermediate layer by the same procedure as in 
Working Example 1, to form an uppermost coloring layer of 1.7 g/m 2 after drying, thus producing a 
two-color thermosensitive recording material. This was then surface treated, using a calendar, so 
that a Beck smoothness of 600-800 seconds was achieved. 

Comparative Example 1 

A product was obtained in the same way as in Working Example 1, except that an 
intermediate layer was not formed. 

Tests were conducted concerning shelf life (background fogging) of each of the products 
obtained as described above. The shelf life tests were conducted by measuring background optical 
density with a Macbeth densitometer RD514 (using a green filter) after leaving the product in dry 
surroundings at 60° C for 24 hours, and after leaving it in surroundings with a relative humidity of 
90% at 40° C for 24 hours. The results are shown in Table 1 . Table 1 also shows the results of 
measurements of initial background optical density prior to product tests. 



Table 1 





Initial background optical 
density 


After 24 hours at 60° C, under 
dry conditions 


After 24 hours at 40° C, 
90% RH 


Working Example 1 


0.09 


0.16 


0.14 


j Working Example 2 


0.10 


0.19 


0.15 


Working Example 3 


0.09 


0.14 


0.1! 


Comparative Example 1 


0.15 


0.36 


0.27 



From Table 1 it can be seen that the products of the present invention have superior shelf life, 
with no background fogging. 

Two-color separation was then examined by recording delta waves with an amplitude of 40 
mm, using a two-color coder having a thick film resistor type of heat stylus (two-color servocoder, 
manufactured by Watanabe Sokal KK). The results are shown in Table 2. 



Table 2 



""\^Pen speed 
Sample 


1 .6 mm/sec 


10 mm/sec 


50 mm/sec 


200 mm/sec 


500 mm/sec 


Working Example 1 


A 


O 


O 


O 
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Working Example 2 


O 


O 


o 


O 
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Working Example 3 


A 


O 


o. . . 


O 


O 


Comparative Example I 


X 

(There was staining 
of black images, 
and color mixtures 
were observed in 
red images.) 


A 


o 


A 


A 



O: good A: ordinary x ; unsatisfactory 
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(54) Title of invention: Two-color thermosensitive recording method 

(21) Patent Application No. S58-69700 

(22) Application Filing Date: April 20, 1983 
(72) Inventor: Shigeru Miyashima 

Ricoh Corporation, 1-3-6 Nakamagome, Ota-ku, Tokyo 
(72) Inventor: Hiroshi Yaguchi 

Ricoh Corporation, 1-3-6 Nakamagome, Ota-ku, Tokyo 
(71) Applicant: Ricoh Corporation 

1-3-6 Nakamagome, Ota-ku, Tokyo 
(74) Patent agent: Toshiaki Ikeura, Patent Attorney 

Specifications 

1 . Title of invention 

Two-color thermosensitive recording method 

2. Claims 

(1) A two-color thermosensitive recording method wherein, in order to record colored images in 
two different colors by heat coloring at two different temperatures, using thermal scanning from the 
surface of a higher layer, in a high temperature and a low temperature photosensitive coloring layer 
of a thermosensitive recording material laminated so that said high temperature thermosensitive 
recording layer, which is colored at a high temperature, and said low temperature thermosensitive 
recording layer, which can be colored at a low temperature in a color different from that of said high 
temperature thermosensitive recording layer, are positioned on a support medium such that said 
high temperature thermosensitive recording layer is a higher layer with respect to the support 
medium than is said low temperature thermosensitive recording layer, said high temperature 
thermosensitive recording layer is colored by heating it at a temperature and for a period of time 
that is insufficient for the temperature of said low temperature thermosensitive recording layer to 
reach a temperature at which it would be substantially colored, although said high temperature 
thermosensitive recording layer is colored, and said low temperature thermosensitive recording 
layer is heated to a temperature and for a time sufficient to color said low temperature 
thermosensitive recording layer, although said high temperature thermosensitive recording layer is 
not substantially colored. 

3. Detailed description of the invention 

Technical field 

The present invention pertains to two-color thermosensitive recording methods. More 
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specifically, it pertains to methods of recording images in two colors onto a thermosensitive 
recording material provided with two types of thermosensitive recording layers, which are each 
colored at a different temperature. 

Prior art 

A method of thermal printing onto a thermosensitive recording material in which two layers, 
a low temperature and a high temperature thermosensitive recording layer, which are colored by 
being heated to a low and to a high temperature, respectively, are laminated such that the former is 
positioned as the upper layer, by heating, starting with the upper layer, at two different temperatures, 
so that either colored images are obtained by heating the upper low temperature thermosensitive 
recording layer at a low temperature, or else secondary color images are obtained by heating the 
upper low temperature and lower high temperature thermosensitive recording layers, is known as a 
conventional method enabling thermosensitive recording in two colors. The images obtained by this 
method have the disadvantage that it is impossible to avoid coloring the low temperature 
photosensitive coloring layer in the periphery of the printed image, especially when printing at a 
high temperature, so that the images lack clear contours, as though they were blurred. If coloring is 
dark in the low temperature photosensitive coloring layer, the difference in color between this and 
secondary color images colored by heat temperature printing may not be clear, so that the coloring 
agent used in the low temperature photosensitive coloring layer must be one that yields a bright 
color, since good two-color images discrimination cannot be obtained. Since one of the two colors 
is a secondary [i.e., mixed] color, it is impossible to have a combination of red and blue, for 
example. 

Object 

The object of the present invention is to provide a two-color thermosensitive recording 
method that improves on the disadvantages of the conventional method as recited above. In 
particular, the object is to provide a method of recording images combining two optional, clear, 
different colors without blurring or mixture of colors. 

Composition 

The present invention provides a two-color thermosensitive recording method wherein, in 
order to record colored images in two different colors by heat coloring at two different temperatures, 
using thermal scanning from the surface of a higher layer, in a high temperature and a low 
temperature photosensitive coloring layer of a thermosensitive recording material laminated so that 
the high temperature photosensitive coloring layer, which is colored at a high temperature, and the 
low temperature thermosensitive recording layer, which can be colored at a low temperature in a 
color different from that of the high temperature thermosensitive recording layer, are positioned on 
a support medium such that the high temperature thermosensitive recording layer is a higher layer 
with respect to the support medium than is the low temperature thermosensitive recording layer, the 
high temperature thermosensitive recording layer is colored by heating it at a temperature and for a 
period of time that is not sufficient for the temperature of the low temperature thermosensitive 
recording layer to reach a temperature at which it would be substantially colored, although the high 
temperature thermosensitive recording layer is colored, and the low temperature thermosensitive 
recording layer is heated to a temperature and for a time sufficient to color the low temperature 
thermosensitive recording layer, although the high temperature thermosensitive recording layer is 
not substantially colored. 
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The thermosensitive recording material used in the present invention is one in which a low 
temperature and a high temperature thermosensitive coloring layer (hereinafter, simply referred to 
as the high temperature coloring Layer and the low temperature coloring layer) are laminated onto a 
support medium. However, this does not prevent other layers, such as protective layers, undercoat 



and the support medium, between the high temperature coloring layer and the low temperature 
coloring layer, and or on the upper surface of the high temperature coloring layer. 

The high temperature coloring layer is colored at an optical density that is > the 
predetermined optical density, at a temperature that is > a temperature T H . On the other hand, the 
low temperature coloring layer is colored with a color that is different from that of the high 
temperature coloring layer, in an optical density that is > the above-mentioned predetermined 
optical density, at a temperature that is > a temperature T L but lower than T H . In order to effectively 
achieve the object of the present invention, the preferred temperature difference between Th and Tl 
is > 20° C, with > 30° C especially preferred. The temperature difference in this case is the 
difference in temperature between T H and Tl when the above-mentioned predetermined optical 
density is 0.5, as measured using a Macbeth densitometer RD-514. 

The thermosensitive recording material in the composition of the present invention as recited 
above is made to record colored images by thermal scanning from the surface of the upper layer. 
Thermal coloring of the high temperature thermosensitive recording layer is carried out by heating 
it at a temperature and for a period of time that is sufficient for its temperature to reach > T H » but 
that is not sufficient for the temperature of the low temperature thermosensitive recording layer to 
reach a temperature at which it would be substantially colored. Thermal coloring of the low 
temperature thermosensitive recording layer is carried out for a period of time that is sufficient for 
its temperature to reach > T L , although the high temperature thermosensitive recording layer is not 
substantially colored. 

By controlling the heating temperature and time in this way, it is possible to color the upper 
high temperature thermosensitive recording layer only by thermal scanning at a high temperature, 
and to color the lower low temperature thermosensitive recording layer only by thermal scanning at 
a low temperature. Therefore, sharply contoured color images, free of blurring, can be obtained, 
since, unlike the conventional method, there is no mixing of colors as a result of coloring the upper 
and lower coloring layers at the same time. On the other hand, the optional colors can be combined 
as desired. 

The above-mentioned control of temperature and time during recording is effected by 
controlling the printing voltage to the heating element, and the period of time it is energized, when 
thermal scanning is effected using a heating element that heats by energizing a thermal head, 
thermal pen, or the like. When using leuco dye and developer are the main components constituting 
the coloring system of low temperature and high temperature coloring layers, as described below, 
the preferred heating time, that is, energizing time, for the low temperature thermosensitive 
recording layer is > 2 times that for the high temperature thermosensitive recording layer. Hence, an 
energizing time of 0.5-3 milliseconds is appropriate for the high temperature thermosensitive 
recording layer, and an energizing time of 2-8 milliseconds is appropriate for the low temperature 
thermosensitive recording layer. 

There are no particular restrictions as to the coloring system of thermosensitive recording 
material used in the present invention, but use of leuco dye and developer is preferred from the 
standpoint of sensitivity and color optical density. 

Leuco dyes are appropriate for use in the present invention, either singly or in combinations 
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of two or more, but selection of ieuco dyes that are appropriate for use in this sort of photosensitive 
material, for example triphenylmethane dyes, fluorane dyes, phenothiazine dyes, auramine dyes, 
and/or spiropyran dyes, is preferred. The following are specific examples of ieuco dyes. 
3,3-bis (p-dimethylaminophenyi)-phthalide 

3,3-bis (p-dimethylaminophenyl)-6-dimethylamino phthalide (also known as crystal violet 
lactone) 

3,3-bis (p-dimethylaminophenyl)-6-diethylamino phthalide 
3,3-bis (p-dimemylaminophenyl)-6-chlorophthalide 
3,3-bis (p-dimethylaminophenyl) phthalide 
3-cyclohexylamino-6-chloro fluorane 
S-dimethylamino-S^-dimethyl fluorane 
3nliethylarnino-7-chlorofluorane 
3-diethylamino-7-methyl fluorane 
3-diethylamino-7,8-benzofluoraue 
3Kliethylamino*-6-methyl-7-chlorofluorane 
3-^-p-tolyI-N-ethylaniino)-6-methyl-7-anilinofluorane 
3 -pyrrolidine -6-methyl-7-aniIinofluorane 

2-(N-(3*-trifluoromethylphenyl) arnino)-6-diethylamino fluorane 

2- (3,6-bis (diethylamino)-9-(o-chloroanilino) xanthyl) lactam benzoate 

3- dietliylarnmo-6-metiiyl-7Km-trichloromethylanilino) fluorane 
3-diethylamino-7-{o-chloroanilino) fluorane 
3-dibutylamino-7-(o-chloroanilino) fluorane 
3-N-methyl-N-amylamino-6-methyl-7-anilinofluorane 
3-N-methyl-N-cyclohexylanimo-6-methyl-7-amlmofluoraiie 
3-diethylamino-6-raethyl-7-arulino fluorane 
3^,N-diethylammo)-5-methyl-7-(N,N^benzylamino) fluorane 
benzoyl Ieuco methylene blue 

6 , -chloro-8'-methoxy-benzo indolyno-pyrroli-spirane [not confirmed] 
6'-bromo-3 > -methoxy-benzo indolyno-pyrroli-spirane [not confirmed] 
3^2 > -hydroxy-4 > -dimemylaminophenyl)-3-(2'-methoxy-5'-chlorophenyl) phthalide 
3<2 > -hydroxy-4*-dimemylaminophenyl)-3-(2 s -methoxy-5 '-nitrophenyl) phthalide 
3<2'4iydroxy^ , -diethylammophenyI)-3-(2'-m^ 

3 -(2 , -methoxy-4 , -dimethylaminophenyl)-3-(2' -hydroxy-4'-chloro-5 ' -methylphenyl) 
phthalide 

3 -morpholmo-7-(N-piX)pyl-trifluoromethylanilino) fluorane 
3-pyrrolidine-7-trifluoromethylanilino fluorane 

3-diethylamino-5-chloro-7-(N-benzyl-trifluoromethylanilino) fluorane 
3-pyrrolidine-7-(di-p-chlorophenyl ) methylamino fluorane 
3-diethylamino-5-chloro-7-(alpha-phenylethylanilino) fluorane 
3-(N-ethyl-p-toluidino)-7-(alpha-phenylethyIanilino) fluorane 
3 -diethylamino-7-(o-methoxy carbonylpheny lamino) fluorane 
3-diethylamino-5-chloro-7-(aIpha-phenylethylanilino) fluorane 
3-diethylamino-7-piperidino fluorane 

2- chioro-3 -(N-methyltoluidino)-7 -(p-n-butylanilino) fluorane 

3- CN-benzyl-N-cyclohexylamino)-5,6-benzo-7-alpha-naphthylamino-4'-bromo fluorane 
3-diethylamino-6-methyl-7-me5//y^/>7o [not confirmed] -4 '-5 '-benzo fluorane 
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Various electron acceptors that develop color by reacting with the aforementioned leuco dyes 
when heated can be used as developers in the present invention. Specific examples are phenolic 
substances, and organic or non-organic acids, or salts thereof, as listed below. 

Gallic acid, salicylic acid, 3-isopropylsalicylic acid, 3-cyclohexylsalicylic acid, 
3,5-di-tert-butylsalicylic acid, 3,5-di-alpha-methyIbenzylsalicylic acid, 4,4'~isopropylidenephenol, 
4,4'-isopropylidenebis (2-chlorophenol), 4,4 > -isopropylidenebis (2,6-dibromophenol), 
4,4'-isopropylidenebis (2,6-dichlorophenol), 4,4'-isopropylidenebis (2-methylphenol), 
4,4'-isopropylidenebis (2,6-dimethylphenol), 4,4' -isopropylidenebis (2-tert-butylphenol), 
4,4 ' -sec-butylidene diphenol, 4,4' -cyclohexylidenebisphenol, 4,4' -cyclohexylidenebis 
(2-methylphenol), 4-tert-butylphenol, 4-phenylphenol, 4-hydroxyphenoxide, alpha-naphthol, 
beta-naphthol, 3,5- xylenol, thymol, methyl-4-hydroxybenzoate, 4-hydroxyacetophenone, novolak 
phenol resin, 2,2 , -thiobis (4,5-cyclophenol), catechol, resorcinol, hydroquinone, pyrogallol, 
phloroglucinoi, phloroglucinoi carboxylic acid, 4-tert-octylphenol, 2,2 , -methylenebis 
(4-chlorophenol), 2,2'-methylenebis (4-methyl-6-tert-butylphenol), 2,2 > -dihydroxydiphenyl, 
p-hydroxy ethyl benzoate, p-hydroxy propyl benzoate, p-hydroxy butyl benzoate, p-hydroxy 
p-chlorobenzyl benzoate, p-hydroxy o-chlorobenzyl benzoate, p-hydroxy n-octyl benzoate, benzoic 
acid, zinc salicylate, l-hydroxy-2-naphthoic acid, 2-hydroxy-6-naphthoic acid, zinc 
2-hydroxy-6-naphthoate, 4-hydroxydiphenylsulfone, 4-hydroxy-4'-chlorodiphenylsulfone, bis 
(4-hydroxyphenyl) sulfide, 2-hydroxy-p-toluic acid, zinc 3,5-di-tert-butyl salicylate, tin 
3,5-di-tert-butyl salicylate, tartaric acid, oxalic acid* maleic acid, citric acid, succinic acid, stearic 
acid, 4-hydroxyphthalic acid, boric acid, and the like. 

Various commonly used binding agents can be appropriately employed in order to bind and 
support the leuco dye and developer on the support medium. For example, polyvinyl alcohol; starch 
and derivatives thereof; cellulose derivatives such as methoxy cellulose, hydroxyethyl cellulose, 
carboxy methyl cellulose, methyl cellulose, and ethyl cellulose; water soluble polymers such as 
sodium polyacrylate, polyvinyl pyrrolidone, amide acrylate-acrylic acid ester copolymer, amide 
acrylate-acrylic acid ester-methacrylic acid ternary copolymer, styrene-arihydrous maleic acid 
copolymer, alkali salt of isobutylene-anhydrous maleic acid copolymer, polyacrylamide, sodium 
alginate, gelatin, and casein; and latexes such as polyvinyl acetate, polyurethane, styrene-butadiene 
copolymer, polyacrylic acid, polyacrylic acid ester, vinyl chloride-vinyl acetate copolymer, 
polybutyl methacrylate, ethylene-vinyl acetate copolymer, and styrene-butadiene-acryl ternary 
copolymer may be used. 

Auxiliary additive components commonly used in this type of thermal recording material, for 
example fillers, surfactants, thermoplastic substances (or lubricants) can also be used concomitantly 
with leuco dye and developer in the present invention, as necessary. In such cases, inorganic fine 
powders such as calcium carbonate, silica, zinc oxide, titanium oxide, aluminum hydroxide, zinc 
hydroxide, barium sulfate, clay, talc, and surface-treated calcium and silica, as well as organic fine 
powders such as urea-formalin resin, styrene-metacyclic acid copolymer, and polystyrene resin can 
be used as fillers. Higher fatty acids and their esters, amides and their metallic salts, various types of 
wax, condensation products of aromatic carboxylic acids and amines, benzoic acid phenyl esters, 
higher straight chain glycols, 3,4-epoxy-dialkyl hexahydrophthalate, higher ketones, and other 
thermoplastic organic compounds with melting points of approximately 50-200° C may be cited as 
examples of thermoplastic substances. 

Effect 

Two-color images are obtained, without blurring due to color mixing, by thermal scanning, 
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with heating temperature and time controlled, on thermos ensitive recording material wherein are 
arranged an upper high temperature coloring layer and lower low temperature coloring layer, of 
which only the high temperature coloring layer is colored during high temperature heating, or only 
the low temperature coloring layer during low temperature heating. 

Working examples 

The present invention will next be described in more detail, using working examples. In the 
following, values expressed in "parts" and "%" are based on weight. 

Working Example 1 

Liquids A, B, C, E, G> and H were prepared by dispersing the liquid mixtures of which they 
were composed in a ball milL Dispersion was such that the mean particle size was < 3 \i in Liquids 



A and B, and < 5 \i in the other liquids. 
Liquid A: 

3^iiethylainino-7-Tnethyl fluorane 10 parts 

polyvinyl alcohol, 10% aqueous solution 10 parts 

water 30 parts 

Liquid B: 

3^N-methyl-N^yclohexamino)-6-methyl-7-anilino fluorane 10 parts 

polyvinyl alcohol, 10% aqueous solution 10 parts 

water 30 parts 

Liquid C: 

4-hydroxydiphenylsulfone 10 parts 

polyvinyl alcohol, 10% aqueous solution 10 parts 

water 30 parts 

Liquid E: 

p-hydroxy benzyl benzoate 10 parts 

polyvinyl alcohol, 10% aqueous solution 10 parts 

water 30 parts 

Liquid G: 

urea-formalin resin, fine powder 20 parts 

zinc stearate 5 parts 

polyvinyl alcohol, 10% aqueous solution 25 parts 

water 150 parts 

Liquid H: 

amide stearate 10 parts 

polyvinyl alcohol, 10% aqueous solution 10 parts 

water 30 parts 



10 parts of Liquid A, 60 parts of Liquid E, 20 parts of Liquid G, and 15 parts of Liquid H, 
obtained as shown above, were mixed with 1 5 parts of water, and a layer that was approximately 4 

9? 
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g/m 2 when dried was formed, adhering onto a high-quality paper surface, using 52 g/m 2 basic 
weight of this low temperature coloring layer forming liquid mixture. This layer yielded a red image 
(optical density according to the Macbeth densitometer RD-514 (using a Wratten 50 filter): 0.5) 
when printed on at 85° C, using a commercially available thermal gradient testing device. A high 
temperature coloring layer forming liquid mixture comprising 10 parts of Liquid B, 40 parts of 
Liquid C, 20 parts of Liquid Q and 30 parts of water was next applied over the low temperature 
coloring layer obtained as described above so as to be 3.5 g/m 2 after drying. This was calendar 
treated so that a Beck smoothness of approximately 500 seconds was achieved. When the high 
temperature coloring layer forming liquid mixture as recited above was exactly the same as the 
liquid mixture used for the low temperature coloring layer, the material obtained over the 
commercially available high-quality paper yielded a black image having a color optical density of 
0.5 (using a Wratten 106 filter) at 135° C 

Following the calendar treatment, the thermosensitive recording material was printed on, 
using a thin film line head (manufactured by Matsushita Electric Works, Ltd.), with 0.26 W head 
electrical power, 6.2 millisecond head energizing time, and L6 millijoule of head energy as 
conditions for low temperature heating, and 0.57 W head electrical power, 2.8 millisecond head 
energizing time, and 1.6 millijoule of head energy as conditions for high temperature heating. At 
this time, the degree of color mixture and blurring was observed The results are shown in Table L 

Working Example 2 

The lower layer was formed in the same way as in Working Example 1, except that Liquid B 
was used instead of Liquid A; Liquid F, with the composition shown below, was used instead of 
Liquid E; and water was used instead of Liquid H. A black image with a color optical density of 0.5 
(using a Wratten 105 filter) was obtained at 78° C with this material. 



(Dispersed in a ball mill such that mean particle size was < 5 u) 

Next, a two-color photosensitive recording material was obtained by applying a high 
temperature coloring layer forming liquid mixture, obtained in the same way as in Working 
Example 1, except that Liquid A was used instead of liquid B, and Liquid D, obtained as recited 
below, was used instead of Liquid C, drying in the same way as in Working Example 1 , and 
calendar treating. 



(Dispersed in a ball mill such that mean particle size was < 5 \i) 

When this high temperature coloring layer forming liquid mixture was applied over 
commercially available high-quality paper in the same way as with the lower layer, a red image 
with a color optical density of 0.5 (using a Wratten 50 filter) was obtained at 120° C. Two-color 
recording was carried out on the two-color photosensitive recording material thus obtained, in the 
same way as in Working Example 1. The results are shown in Table 1. 



Liquid F: 

N^'-methylphenyl-m-aminophenol 
polyvinyl alcohol, 10% aqueous solution 
water 



10 parts 
10 parts 
30 parts 



Liquid D: 

bis (2,5-dimethyl-4-hydroxyphenyl) sulfide 
polyvinyl alcohol, 10% aqueous solution 
water 



10 parts 
10 parts 
30 parts 



Comparative Example 
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A two-color photosensitive recording material was obtained in the same way as in Working 
Example 1, except that a high temperature coloring layer forming liquid mixture was first applied 
over high-quality paper, and dried, after which the low temperature coloring layer forming liquid 
mixture that had been used as the lower layer was applied over [the high temperature coloring layer 
forming liquid mixture], and dried. Two-color recording was carried out on this in the same way as 
in Working Example I. The results are shown in Table 1. 



Table 1 





High temperature coloring 


conditions 


Low temperature coloring conditions 




Color mixing 


Blurring 


Color 


Color mixing 


Blurring 


Color 


Working Example ] 


O 


O 


red 


O 


O 


black 


Working Example 2 


o 


O 


black 


A 


O 


red 


Comparative Example 


O 


O 


red 


X 


X 


black 



O: No color mixing (or blurring) 

A: A small amount of color mixing (or blurring) observed 
X : A large amount of color mixing (or blurring) observed 
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